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Abstract Objective: To explore
the user-friendliness and ergonomics
of seven new generation intensive
care ventilators. Design: Prospec-
tive task-performing study.
Setting: Intensive care research
laboratory, university hospital.
Methods: Ten physicians experi-
enced in mechanical ventilation, but
without prior knowledge of the ven-
tilators, were asked to perform eight
specific tasks [turning the ventilator
on; recognizing mode and parame-
ters; recognizing and setting alarms;
mode change; finding and activating
the pre-oxygenation function; pres-
sure support setting; stand-by; finding
and activating non-invasive ventila-
tion (NIV) mode]. The time needed
for each task was compared to a
reference time (by trained
physiotherapist familiar with the
devices). A time [180 s was consid-
ered a task failure. Results: For each
of the tests on the ventilators, all
physicians’ times were significantly
higher than the reference time
(P \ 0.001). A mean of 13 ± 8 task
failures (16%) was observed by the
ventilator. The most frequently failed
tasks were mode and parameter rec-
ognition, starting pressure support and
finding the NIV mode. Least often
failed tasks were turning on the
pre-oxygenation function and alarm
recognition and management. Overall,
there was substantial heterogeneity
between machines, some exhibiting
better user-friendliness than others for
certain tasks, but no ventilator was
clearly better that the others on all
points tested. Conclusions: The
present study adds to the available
literature outlining the ergonomic
shortcomings of mechanical ventila-
tors. These results suggest that closer
ties between end-users and manufac-
turers should be promoted, at an early
development phase of these machines,
based on the scientific evaluation of
the cognitive processes involved by
users in the clinical setting.
Keywords Mechanical ventilation 
User-friendliness  Ergonomics
Introduction
In the technologically complex environment of a busy
intensive care unit (ICU), the rapid multi-tasking required
of healthcare providers is a source of incidents [1], 31–
67% of them stemming from human errors [2, 3].
Respiratory care including mechanical ventilation, which
accounts for approximately 25% of the daily ICU
workload [4] constitutes one of the main activities asso-
ciated with human error [2, 4, 5]. A lack of experience
and training in the proper use of mechanical ventilators
seem to be major contributing factors to these incidents
[5, 6]. The absence of standardized user interface and
poor ergonomics of some machines are likely to increase
the risk of incidents, especially when caregivers must
interact with them under stressful conditions [7, 8].
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Indeed, ergonomics have been shown to play a major role
in the safety with which a medical device can be used [7,
9, 10]. Two recent studies have outlined the lack of user-
friendliness of turbine-based pressure-generating home
care ventilators (so-called bilevel ventilators) [11] and
ICU ventilators [12]. The purpose of the present study is
to explore the user-friendliness and ergonomics of seven
ICU ventilators when physicians experienced in
mechanical ventilation were asked to perform eight spe-
cific tasks without prior knowledge of the machines. The
rationale was to reproduce the fairly common situation of
a physician called at the bedside to perform an urgent task
on an unfamiliar ventilator, such as might occur during a
night shift.
Materials and methods
The study was performed in the ICU research laboratory
of a university hospital. ICU ventilators commonly used
in Europe and available for testing were used: Elyse´e
(Saime-Resmed, North Ryde, Australia), EngstromCar-
estation (GE Healthcare, Fairfield, Conn., USA), Evita
XL (Draeger, Lubeck, Germany), Servo I (Maquet, Solna,
Sweden), G5 (Hamilton, Rha¨zu¨ns, Switzerland), Avea
(Viasys, Palm Springs, CA, USA), PB 840 (Puritan-
Bennett, Covidien, Boulder, CO, USA).
Ten physicians (5 pulmonologists, 5 anesthesiologists)
participated in the study, all with prior knowledge of
mechanical ventilation (pulmonologists: home care and
ICU ventilators; anesthesiologists: anesthesiology and
ICU ventilators) but unfamiliar with the tested machines.
Test procedure
The methodology was based on that of a previous study
on home-care ventilators [11].
Each ventilator was equipped with a standard double
limb circuit and connected to a test lung model (Pneu
View AI 2601I TTL, Michigan Instruments, Grand
Rapids, MI, USA) described in previous studies [13, 14].
The physicians had to consecutively accomplish eight
different tasks on each ventilator in a random order. The
time to perform each task was measured with a precision
stopwatch by the tester and recorded. An arbitrary upper
limit of 3 min was set, at and above which task failure
was declared. The tester’s time to accomplish each task
was used as the reference [11]. Tasks to accomplish (for
details see ESM): (1) turning the ventilator on, (2) rec-
ognizing mode and parameters (3) recognizing and setting
alarms, (4) mode change, (5) finding and activating the
pre-oxygenation function, (6) pressure support setting, (7)
stand by, (8) finding and activating the non-invasive
ventilation (NIV) mode.
Physicians were asked to grade their subjective
impression of overall difficulty of interaction with each
device on a scale of 0 (very easy) to 10 (very difficult)
[11]. Finally, a difficulty index (DI) was computed for
each ventilator: DI = (total time for 8 tasks (s) 9 n
failures)/1,000.
Statistics
Time values are expressed as median (interquartile
range). Other values are expressed as mean (SD). Details
in ESM.
Results
Overall results
For each of the tests, all physicians’ times were signifi-
cantly higher than the reference time (P \ 0.001). A
mean of 13 (8) task failures was observed by ventilator
(16%), one machine (Avea) exhibiting 28 failures
(Table 1). Most often failed tasks: recognizing the mode
and parameters (15), pressure support setting (19) and
finding and activating the NIV mode (22).
Table 2 shows the mean values for the difficulty score
for each ventilator.
Figure 1 in the ESM shows the box-plot of total time
needed to complete the eight tasks for each machine.
Specific tasks
Times needed for task completion are shown in Fig. 1,
and details of results indicated in the ESM.
(1) Turning the ventilator on: the shortest time was
obtained with the Elyse´e (P \ 0.0001). Failure to turn on
the Servo i occured with 50% of physicians; (2) recog-
nizing mode and parameters: the times of the Engstro¨m
Carestation and Evita XL were significantly shorter
(P \ 0.001); (3) recognizing and setting alarms: very few
failures were observed for this task (Table 1); (4) mode
change: the shortest time was documented with the
Engstro¨mCarestation, the longest with the Avea and
PB840 (P \ 0.01); (5) finding and activating the pre-
oxygenation function: only one failure was observed
(Table 1). The median time was the closest to the refer-
ence time. No significant difference between ventilators
was found; (6) pressure support setting: no significant
difference was observed between ventilators. All physi-
cians failed to set pressure support on the Avea; (7) stand
by: significantly lower times were measured for the Servo
i and G5 (P \ 0.001). Six physicians failed the task with
the Elyse´e; (8) finding and activating the NIV mode:
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significantly lower times were measured for the Servo i
and G5 (P \ 0.001).
There was a strong correlation between the rating by
physicians and the DI (P \ 0.001).
Discussion
Some limitations of the study sould be pointed out (details
discussed in the ESM). First, our study population was
made up of pulmonologists and anesthesiologists who do
not use ICU ventilators in their daily practice. Second, the
tasks we chose were arbitrarily defined, given the absence
of a validated protocol for such tests. Third, the DI has not
been formally validated. Fourth, failure was defined as the
need for C3 min to complete the task, which might seem
arbitrary. Finally, not all ventilators available in Europe
could be tested due to availability and feasibility issues.
Our results illustrate that many new generation ven-
tilators present poor ergonomics, leading to delayed or
impossible user–machine interactions, which could prove
critical in an emergency when, for instance, the ventilator
cannot be turned on. Likewise several long delays
observed could be unacceptable in clinical use, as illus-
trated by two examples. First, turning on the ventilator.
The Elysee can be turned on very quickly: as soon as it is
powered, an on-screen message appears, reading ‘‘to
switch on press the button’’, and an arrow showing its
location. At the other end of the spectrum, tortuous paths
must be followed, such as performing several actions in
different panels (Avea, Engstro¨mCarestation), double
validation (on-screen and on the side of the ventilator,
PB840) or finding the switch concealed behind a small
sliding cover (Servo i). There is, of course, a logical
safety goal here which is avoiding the accidental
switching off of the machine. However, in the interest of
safety, one might devise an asymetric procedure, i.e.
difficult to switch off and easy and quick to switch on.
While it is difficult to pinpoint the optimal time to switch
on a ventilator, it is intuitive that shortest is best. In the
study by Gonzalez-Bermejo et al. [11], most domiciliary
ventilators could be switched on within 40 s, more
quickly than most of the machines tested in this study. On
the other hand, in the study performed on four ICU
ventilators by Uzawa et al. [12], 60–70% of the times
spent to switch on the ventilator were above 2 min, higher
than in our study. The difference may be due to the lower
level of experience of the physicians in that study [12].
Second, the high error rate (30–40%) and long delay
(60–150 s) to correctly identify the ventilatory mode and
set/measured parameters constitue another ergonomic
shortcoming. By comparison, in their study on home
ventilators, Gonzalez-Bermejo et al. [11] found a 49%
rate of erroneous assessment of mode and settings, med-
ian times ranging from 47 to 71 s, while this specific task
was not reported by Uzawa et al. [12] with ICU machines.
Clear display and ease of ventilator mode recognition
should be a priority in ventilator design and selection,
given the safety issues involved [15], and there is obvi-
ously room for improvement.
The ergonomic aspects of medical devices [9, 10, 16],
and the potential contribution of their shortcomings to
incidents have been outlined in the literature [7, 17]. In
particular, the often confusing aspects of the human–
computer interface, designed by engineers with insuffi-
cient input from end-users as to the realities of their
working environment, can lead to solutions which, while
making sense in the development laboratory, prove
Table 1 Task failures
Tasks Ventilators
Elyse´e Engstro¨mCarest. Evita XL Servo I G5 Avea PB840 Total
1. Turning the ventilator on 0 0 0 5 1 1 0 7
2. Recogn. mode and parameters 4 0 0 1 3 4 3 15
3. Recogn. & setting alarms 0 1 0 1 0 1 1 4
4. Mode change 1 1 0 0 0 1 3 6
5. Find & activate pre-O2 function 0 0 1 0 0 0 0 1
6. Pressure support setting 0 1 0 0 3 10 5 19
7. Stand by 4 1 1 2 0 1 0 9
8. Find and activate NIV mode 4 3 4 0 0 10 1 22
Total 13 7 6 9 7 28 13 83
Table 2 Difficulty scores given by physicians
Ventilator Difficulty score
G5 3.8 (2.1)
Evita XL 4.2 (1.5)
Servo i 4.5 (2.5)
Engstro¨mCarestation 4.8 (1.8)
Elyse´e 5.5 (2.1)
PB 840 6.4 (1.4)
Avea 7.3 (1.9)
Difficulty score: 0 very easy, 10 very difficult
Values mean (SD)
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inadequate in the clinical setting [7, 17, 18]. On the other
hand, by studying how end-users commit mistakes [8] and
cope with ergonomic shortcomings [18], and using this
data during the development phase of medical devices
[10], valuable information can be provided to manufac-
turers leading to improved user–device interaction [19,
20]. A good example of this approach has been provided
by work done on infusion pumps, known for the key role
of ergonomic factors in their safe use in patients [19, 20].
At present, ventilator manufacturers include clinicians
in the process of ventilator design and development, an
approach for which they are to be commended. However,
based on the above discussion and on the results of the
present study and the two other trials on this topic [11,
12], it seems reasonable to recommend that ties between
manufacturers and end-users be strengthened, care being
taken to ensure that this tight cooperation occurs at a very
early stage of development, when major interface changes
are still possible. Ideally, this type of cooperation should
integrate modern concepts of cognitive psychology in
analyzing the user–machine interaction [8, 16].
One important point is, of course, that adequate
training of all caregivers in the proper use of a ventilator
should be a prerequisite in any ICU, which machine
user-friendliness cannot be expected to replace. Proper
ergonomics are, in our view, complementary to basic
training.
In conclusion, the present study adds to the available
literature outlining the ergonomic shortcomings of
mechanical ventilators. These results suggest that closer
ties between end-users and manufacturers should be
promoted, at an early development phase of these
machines, based on the scientific evaluation of the cog-
nitive processes involved by users in the clinical setting.
This approach would likely contribute to an overall
improvement in ventilator ergonomics and the avoidance
of some of the pitfalls highlighted by our results and those
of others, in turn leading to enhanced safety.
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